Sarcoidosis has been described as a systemic disorder characterized by the presence of noncaseating epithelioid cell granulomas in multiple tissues (21) . Although, the etiology of sarcoidosis remains unclear, a number of putative etiopathogenic factors have been proposed. Various infectious agents have been suggested as being involved, of which mycobacteria seem to be the most important. Even though a considerable number of investigators have failed to detect mycobacteria in clinical samples from patients with sarcoidosis (28, 33) , several studies have suggested the exclusive involvement of Mycobacterium avium complex members in sarcoidosis (8, 13, 20, 24, 25) , while other studies have proposed Mycobacterium tuberculosis complex to be responsible (9, 22, 27, 29) (Table 1) . Therefore, a convincing association between sarcoidosis and mycobacterial infections has yet to be established.
Ishige et al. (18) have proposed members of Propionibacteria species may also be involved in the pathogenesis of sarcoidosis. Recently, Eishi et al. (7) suggested that Propionibacterium spp. are more likely to be the cause of sarcoidosis than Mycobacteria spp. Finally, Di Alberti et al. (5) , using a PCR technique, detected the presence of human herpesvirus 8 (HHV-8) DNA sequences exclusively in sarcoid tissue and not in specimens from healthy individuals. From the studies presented above, it is clear that no single agent can be held solely responsible for all cases of sarcoidosis. The intense controversy concerning the role of mycobacteria and other infectious agents in sarcoidosis points out the necessity for further epidemiological studies in order to shed more light on the possible role of these agents in the development of sarcoidosis.
Until now, there have been no reports investigating the presence of propionibacterial and HHV-8 DNA in sarcoidosis in Greek patients, whereas data concerning mycobacterial DNA detection are limited (16, 17) .
The goal of the present study was to determine the frequency of detection of mycobacterial, propionibacterial, and HHV-8 DNA from sarcoid patients and thus to evaluate the possible involvement of these agents in sarcoidosis.
A total of 50 formalin-fixed paraffin-embedded (FFPE) tissues (lung and lymph nodes) from patients suffering from sarcoidosis were collected from "Sotiria" Chest Hospital in Athens, Greece, and were analyzed. In addition, FFPE material from 16 patients with tuberculosis and 20 patients with nonsmall cell lung carcinomas (NSCLC) were analyzed in parallel as controls. The diagnosis of sarcoidosis was established by the compatible clinical picture: the absence of evidence of current infection by organisms known to produce granulomatous disease, such as M. tuberculsosis, as assessed by culture; and histologic demonstration of noncaseating granulomas in biopsy specimens of involved tissues. The diagnosis of tuberculosis was based on the compatible clinical findings, chest radiographs, positive results of culture of sputum of bronchoalveolar lavage samples, and the histologic findings of caseous necrosis. DNA extraction from FFPE samples was performed as previously described (17) . To confirm the integrity of DNA, a 430-bp sequence in the human GAPDH (glyceraldehyde-3-phosphate dehydrogenase) gene was amplified (12) . The primers for the PCRs and the corresponding annealing temperatures are listed in Table 2 . All of the primers used were synthesized and purchased by MWG-Biotech AG, Ebersberg, Germany. To determine the specificity of the primers, PCR was also performed with DNA from different bacterial species (Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and Salmonella enterica), from sterile paraffin samples, and from mycobacterium-, propionibacterium-, and HHV-8-negative FFPE samples. For determination of primer sensitivity, M. tuberculosis complex, M. avium complex, Propionibacterium acnes, and P. granulosum strains, as well as DNA from skin samples from a patient with classic Kaposi's sarcoma, were used. The minimum amount of DNA necessary for a positive result was determined by absorbance measurements of serial DNA dilutions as previously described (17) . We used sterile water as a negative control in each PCR in order to ensure that the reagents used were not contaminated, and an adequate number of certified negative control samples were processed in parallel with clinical specimens in order to ensure that no contamination was occurring prior to amplification. In all cases, extracted genomic DNA (1 g from each sample) was amplified in a final volume of 30 l containing 20 mM Tris-Cl (pH 8.3), 50 mM KCl, 0.2 mM (each) deoxynucleoside triphosphate, 2 mM MgCl 2 , 10 pmol of each primer, and 0.2 U of Taq DNA polymerase (Promega). The thermocycling profile consisted of 40 cycles, with 1 cycle for 1 min at 95°C, 1 min at the annealing temperature (Table 2) , and 2 min at 72°C, followed by a final extension step of 6 min at 72°C. The PCR products were analyzed on 2% agarose. The results were confirmed by DNA sequencing of representative PCR products (Taq DyeDeoxy Terminator Cycle Sequencing kit and ABI 373A DNA Sequencer; Perkin-Elmer, Forest City, Calif.).
Forty-six samples with sarcoid lesions as well as all of the controls had intact DNA for PCR analysis. The results are summarized in Table 3 , and representative patterns of PCR application are shown in Fig. 1 . We observed a positive signal in 33 of 46 of the histopathologically proven sarcoid patients (71.7%) by using the M. tuberculosis IS6110 complex-specific primers (30) . Given that there are some M. tuberculosis strains that do not possess the IS6110 sequence in their genome (34), we proceeded with a further confirmatory PCR for the gene coding for the immunogenic M. tuberculosis complex-specific protein MBP64 (17) ( Table 3 ). In addition, since diagnosis based on IS6110 and MPB64 cannot discriminate between M. tuberculosis and other species from the M. tuberculosis complex (M. bovis, M. africanum, and M. microti), we examined our samples with species-specific mtp40 primers, which do not recognize M. bovis, M. africanum, and M. microti (4) . Twentyseven of the 33 M. tuberculosis complex-positive samples were found to be mtp40 positive, indicating that the majority of our samples had evidence of M. tuberculosis. Six of the samples were negative for mtp40, suggesting that possibly other members of M. tuberculosis complex could also be present in our samples. All of the samples of the positive control group (patients with tuberculosis) had evidence of M. tuberculosis (IS6110, MBP64, and mtp40 positive). No members of M. avium complex were detected, and no mycobacterial DNA was detected in the negative control group.
Consequently, examining the presence of propionibacteria, we found P. granulosum in 20 of 46 patients (43.47%; Table 3 ). The patients with NSCLC and those with clinically and histologically documented tuberculosis were found to be negative for the presence of P. granulosum. Interestingly, the 20 P. granulosum-positive samples were M. tuberculosis complex positive as well (Table 3) . Finally, no HHV-8 DNA sequences were detected in our series.
Data from other groups using PCR techniques for the detection of mycobacterial DNA in sarcoidosis are inconsistent ( Table 1 ). The significant proportion (71.7%) of M. tuberculosis complex found in our patients supports the hypothesis that this pathogen may contribute to the development of sarcoidosis. In our series, a notable percentage (43.47%) of patients were positive for propionibacterial genomes. In contrast to recent epidemiological (7, 18 ) and immunological (6) studies, which suggest a central role of propionibacteria in the pathogenesis of sarcoidosis, our data cannot support this assumption, because propionibacterium-positive samples were a subgroup of the M. tuberculosis complex-positive ones. (Twenty out of 33 mycobacterium-positive sarcoid patients were also positive for propionibacteria.)
Our results imply, at least in part, a possible mycobacterial etiology for sarcoidosis in Greece. However, other bacteria, especially propionibacteria or their antigens, may also play an as-yet-undefined etiologic role. It is possible that sarcoidosis may result from a delayed hypersensitivity immune response initiated by different bacterial antigens (mycobacteria and/or propionibacteria), leading to granuloma formation. Finally, HHV-8 is not implicated in sarcoidosis in Greek patients, 
